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S U M M A R Y
Purpose: Callosal compound action potentials (CCAPs) recorded from the corpus callosum can reveal
callosal neuronal activity. In this study, hemisphere-speciﬁc activity of callosal neurons during bilateral
synchrony was evaluated in relation to the postoperative EEG.
Methods: In 19 patients undergoing callosotomy for intractable epilepsy, intraoperative electrocortico-
grams (ECoGs) and CCAPs were simultaneously recorded prior to callosal bisection. Hemisphere-speciﬁc
CCAPs during bilateral synchrony were estimated through an averaging-based method. The degree of
asymmetry in hemisphere-speciﬁc CCAPs was evaluated with a laterality index (LI), and correlated with
post-callosotomy outcomes.
Results: Despite preoperative frequency of bilateral synchrony, postoperative EEG outcomesweremostly
categorized as either unilaterally lateralized discharge group or bilaterally asynchronous discharge
group. The LI of the former group was signiﬁcantly higher than that of the latter group. In addition, higher
amplitudes of the hemisphere-speciﬁc CCAP coincided with the side on which epileptiform discharges
persisted postoperatively in most patients of the unilaterally lateralized discharge group.
Conclusions: Electrophysiologic analysis with CCAPs revealed hemispheric asymmetry of callosal
neuronal participation in bilateral synchrony. More callosal neurons ﬁre together in the more
epileptogenic hemisphere during bilateral synchrony even if preoperative EEG features are virtually
symmetric. This suggests transcallosal dynamic actions on the bi-hemispheric epileptogenesis
maintenance.
 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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To date, while callosal participation in some generalized
epilepsies has long been suspected,1–6 selective activities of the
callosal neurons have not been studied in relation to the epileptic
seizures. Our recent study of intraoperative electrocorticographic
(ECoG) recordings and callosal compound action potential (CCAP)
raised questions about the classical concept of the mechanism of
bilateral synchrony.7 The interhemispheric delay of bilaterally
(quasi-) synchronous spike and wave discharges (BSSWs) was
widely distributed, but was most frequently within  20 ms, with a
mode of 0 ms. This ﬁnding strongly contradicts an assumption of
callosally mediated secondary bilateral synchrony; that an epilepti-
form discharge in one hemisphere is transmitted via the corpus
callosum (CC), and causes discharge in the contralateral hemisphere.8* Corresponding author. Tel.: +81 957523121; fax: +81 957540292.
E-mail address: tomo@yokoo-hosp.jp (T. Ono).
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doi:10.1016/j.seizure.2008.05.005On the other hand, the commonly recognized observation that
callosotomy disrupts bilateral synchrony does not support the
‘‘centrencephalic’’ mechanism either. The CC is a bundle of axons
originating from callosal neurons in the cerebral cortex. BecauseCCAPs
are directly recorded from ﬁbers of the CC, we can exclusively observe
activities originating from callosal neurons that cannot be detected
with usual EEG recordings (Fig. 1). Very interestingly, the CCAP
waveform consistently showed a slowly increasing negative change
preceding bilateral cortical spikes, indicating a prior upsurge of callosal
neuronﬁring in the cerebral cortex.We speculated that, as some sort of
concerted action between both hemispheres, gradual recruitment of
callosalandothercorticalneurons inwidelyextendingareas isbuilt toa
supra-threshold level via the transcallosal facilitatory mechanism
(interhemispheric recruitment).7 Epileptiform discharges are thereby
elicited in both hemispheres at almost the same time. Our novel
proposal of an ‘‘interhemispheric recruitment’’ role for the CC explains
how both hemispheres can emit epileptiform discharges almost
simultaneously, and various post-callosotomy changes in BSSWs, i.e.,
asynchronization, lateralization or disappearance, may reasonably bevier Ltd. All rights reserved.
Figure 1. A schema of recording sites of ECoG and CCAP, and physio-anatomical concept of our proposing mechanism of bilateral synchrony. The CCAP waveform showed a
slowly increasing negative change during BSSWs. This potential change of neuronal ﬁbers are derived from ﬁring callosal neurons in the cerebral cortex (callosal system,
grayed area). We speculated that, as some sort of concerted action between both hemispheres, gradual recruitment of callosal and other cortical neurons in widely extending
areas is built to a supra-threshold level via the transcallosal facilitatory mechanism resulting in bilateral synchrony (interhemispheric recruitment, Ono et al.7).
T. Ono et al. / Seizure 18 (2009) 7–138thought to originate from a preexisting disparity in hemispheric
epileptogenicity.9–13
The post-callosotomy emergence of hemispheric asymmetry in
the amount of residual epileptiform discharges could differentiate
the predominant hemisphere from the opposite one with respect
to presumed epileptogenicity.12 This ﬁnding leads us to postulate a
putative asymmetry of pre-existing cortical epileptogenic suscept-
ibility states between two hemispheres, even when almost
identical epileptiform discharges in both hemispheres are man-
ifested preoperatively. Because lateralization of pre- and post-
operative features has been considered a factor associated with
better prognosis,10,11 it is clinically relevant to examine the
presumed asymmetry of hemispheric epileptogenicity. However,
preoperative scalp EEGs most often failed to reveal deﬁnite
laterality of the hemispheric epileptogenicity in our patients
because of the low resolution of the scalp EEG analysis or the
postoperative ﬁrst emergence as previously suggested.12 From the
clinical point of view, further study will be essential to
preoperatively detect more meticulous hemispheric predomi-
nance, through technologies such as a high-resolution subdural
recording. If there is a putative asymmetry of pre-existing cortical
epileptogenic susceptibility states between two hemispheres, the
extent of callosal neuronal participation in the genesis of BSSWs
would be greater in the epileptogenicity-predominant hemisphere
than in the opposite one.We had a precious opportunity to explore
such an epileptogenic condition through a simple and short
electrophysiologic recording session prior to callosal bisection
with virtually no extra risk. We gained some ability to predict EEG
outcomes to a certain degree from the analysis of CCAP even
though it is limited by being performed intraoperatively and is
somewhat invasive. In this study, we devised an averaging-based
method to separately estimate callosal activities speciﬁc to each
hemisphere (hemisphere-speciﬁc CCAPs) from the observed CCAPs
synchronized with BSSWs (essentially including bi-directional
activation). Laterality of hemisphere-speciﬁc CCAPs was then
correlated with postoperative EEG ﬁndings and clinical outcomes.
In addition, a novel pathophysiologic mechanism of the bilateral
synchrony was speculated from our obtained results.Patients and methods
Analysis of clinical data
Intraoperative CCAP and electrocorticographic (ECoG) record-
ings were performed in 19 patients who underwent corpus
callosotomy formedically intractable generalized epilepsy. Prior to
surgery, all patients consented to the aim of surgery and the
intraoperative electrophysiologic studies.
Age at seizure onset ranged from 0 to 15 years (mean  S.E.:
4.9  1.1 years). Age at time of surgery and duration of illness ranged
from 2 to 51 years (mean  S.E.: 16.1  3.1 years), and 0.2 to 38 years
(mean  S.E.: 11.9  2.5 years) respectively. Long-term scalp digital
EEG recordings were performed according to the 10–20 International
System referenced to linked ears before and after the surgery in all
subjects. Clinical diagnoses were as follows: symptomatic general-
ized epilepsy, n = 17; severe myoclonic epilepsy, n = 1; and frontal
lobe epilepsy, n = 1; however, all patients exhibited bilateral
synchrony without laterality in preoperative scalp EEGs. According
to our previous paper concerning intraoperative EEGs during
callosotomy,7 interhemispheric delays of bilaterally synchronous
spike and wave discharges (BSSWs) were mostly distributed within
20 ms with a mode of 0 ms. This indicated, even if electrocortico-
grams were used, BSSWs occurred at almost the same moment in
those candidates. Our subjects in this study were thought to have
similar characteristics.
As BSSWs, we deﬁned EEG discharges that were virtually
synchronous and identical in amplitude in both hemispheres based
on visual inspection.
Seizure frequency was counted by patients’ family, and the
follow-up period ranged from 5 to 115 months (mean  S.E.:
54.2  7.9 months). Seizure outcome was categorized by comparing
seizure frequency before and after surgery. Seizure reduction of at
least 80% was obtained in 12 patients, including 3 who demonstrated
complete resolution (excellent outcome group). In the remaining
seven patients, reduction of seizures was unsatisfactory at less than
80% seizure reduction (unsatisfactory outcome group). According to






Onset age of epilepsy 4.9  1.1 (0–15) years
Age at the time of surgery 16.1  3.1 (2–51) years






Excellent outcome group 12 (63.2%)
Unsatisfactory outcome group 7 (36.8%)
Postoperative epileptiform discharges (interictal EEG)
Unilateral discharge group 8 (42.1%)
Bilateral discharge group 8 (42.1%)
Discharge-free group 3 (15.8%)
SGE, symptomatic generalized epilepsy; SME, severemyoclonic epilepsy in infancy;
FLE, frontal lobe epilepsy. Mean  S.E. (range).
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changes in cortical neurons after callosotomy have been sug-
gested,14,15 postoperative long-term effects may be secondarily
modiﬁed by such the plastic changes of the brain. There is no doubt
that the long-term efﬁcacy is clinically the most important issue.
However, in the present study, we employed the initial EEG outcome
measures to clarify the direct role of the CC for bilateral synchrony
minimizing the secondary effects as possible. Interictal EEG outcomes
were assessed by visual inspection of long-term EEGs. Dramatic
modiﬁcations of preoperatively observed BSSWs were common. No
epileptiform discharge was seen in three patients (discharge-free
group), epileptiform discharges were largely conﬁned to one hemi-
sphere in eight (unilateral discharge group), and bilateral indepen-
dent epileptiform discharges were evident in eight (bilateral
discharge group). These outcome measures were evaluated indepen-
dently of the present CCAP study. Patient characteristics are
summarized in Table 1.
Electrophysiologic procedure
Intraoperatively, prior to dissection of the CC, simultaneous
recordings of ECoG and CCAP were performed for approximatelyFigure 2. Extracted and superimposed one second-long epochs consisting of 122 pairs
cortical spike discharges (left and right). Regardless of the side of reference, contralateral
previously shown (Ono et al.7). Amplitude difference between left and right ECoG result
mater (right).15 min under 1–2% sevoﬂurane general anesthesia. ECoGs were
recorded from two strip electrodes (four to six channels at
intervals of 1 cm) over the exposed frontal lobe (direct recording
from the cerebral cortex) and from the non-exposed frontal lobe
(epidural recording). CCAPs were recorded from either a strip
electrode (two to six channels at intervals of 3 mm) or a pair of
bipolar needle electrodes placed on the CC. Transcallosal
responses were evoked by direct callosal stimuli in order to
conﬁrm the extent of callosal projection, and to place cortical
electrodes correctly, corresponding to the callosal site. The
electrophysiologic data were digitized at a sampling interval of
5 ms through a carefully tuned antialiasing low-pass ﬁlter, and
the following data processing was performed in a visually
guided graphical environment using a purpose-made computer
system as follows: (1) a pair of homotopically located ECoG
channels from which more prominent BSSWs were recorded and
a CCAP channel corresponding to the selected cortical channels
were chosen; (2) from recorded ECoGs and CCAPs, 11–156
(mean  S.E.: 52.7  9.6) 1-s-long epochs were extracted in which
midpoints were visually aligned to a negative peak of BSSWs
(Fig. 2); (3) all epochs were averaged with a time-alignment to the
negative peak of the referenced (left or right) cortical spike
discharges, allowing CCAPs synchronized with cortical spike
discharges to be estimated (Fig. 3). In the present study, we use
the term CCAP to refer to callosal compound action potentials
synchronized with cortical BSSWs. Further details of the intrao-
perative CCAP and ECoG recordings and data analysis can be found
elsewhere.7
Estimation of the hemisphere-speciﬁc CCAP
Fig. 3 represents an example of averaged cortical spike
discharges and CCAPs with measurements of amplitude. CCAPL
and CCAPR indicate that averaged CCAP was referenced or
synchronized to left or right cortical spike discharges, respectively.
However, because of quasi-synchronous activities of the contral-
ateral hemisphere (as shown by Contra-LSCD or Contra-RCSD in
Fig. 3) and the bi-directionality of the CC, each CCAP inevitably
includes not only the ipsilateral component to the referenced spike
activity but also a certain amount of contamination by contral-
ateral activities. Therefore, if the hemisphere-speciﬁc CCAP to the
left hemisphere and the contamination from the right hemisphere
are denoted as CCAPLL and CCAPLR, respectively, and vice versa, weof BSSWs and CCAPs from one patient. Midpoints were aligned to the referenced
cortical spike discharges were chronologically ﬂuctuated to a considerable degree as
ed from whether the electrode was placed on the cerebral cortex (left) or the dura
Figure 3. Averaged ECoGs and CCAPs of Fig. 1 with a time-alignment to the negative peak of referenced (left and right) cortical spike discharges. Irrespective of the side of
reference, thewaveform of the CCAPwas characterized by a slow-rising negative potential change that precedes the cortical spike discharge and continues to increase after it
occurs (Ono et al.7). Amplitude of the contralateral cortical spike discharges (Contra-RCSD and Contra-LCSD) was dwarfed because of their ﬂuctuation as shown in Fig. 2.
Measurements of each amplitude are shown here.
Figure 4. A schematic explanation of observed, hemisphere-speciﬁc, and quasi-synchronous contralateral CCAPs. Observed CCAPs (CCAPL and CCAPR) were averaged
waveforms with a time-alignment to the negative peak of the referenced cortical spike discharges as shown in Figs. 2 and 3. They inevitably included not only the ipsilateral
component to the referenced spike activity (hemisphere-speciﬁc CCAPs, CCAPLL and CCAPRR) but also a certain amount of contamination by contralateral activities (quasi-
synchronous contralateral CCAPs, CCAPLR and CCAPRL). Where, hemisphere-speciﬁc and quasi-synchronous contralateral CCAPs were estimated through proposed algebraic
equations based upon the degree of quasi-synchrony of bilateral cortical spike discharges (see text for details).
T. Ono et al. / Seizure 18 (2009) 7–1310can formularize as follows (Fig. 4):
CCAPL ¼ CCAPLL þ CCAPLR; CCAPR ¼ CCAPRR þ CCAPRL (1)
We can then assume that the contralateral contamination is
proportional to the magnitude of the contralateral CCAP and the
degree of quasi-synchrony (SR and SL):
CCAPLR ¼ SR  CCAPRR; CCAPRL ¼ SL  CCAPLL (2)
The averaged amplitude of the contralaterally referenced
cortical spikes (Contra-LCSD and Contra-RCSD) is appreciably
smallwhen compared to that of the ipsilaterally referenced cortical
spikes (Ipsi-LCSD and Ipsi-RCSD). This is due to considerable
ﬂuctuation of the interhemispheric delay of BSSWs.7 Thus, Contra-
LCSD and Contra-RCSD reﬂect a degree of quasi-synchrony. If
BSSWs were more synchronous bilaterally, the amplitude of
Contra-LCSD and Contra-RCSD would increase, up to the levels of
Ipsi-LCSD and Ipsi-RCSD, respectively. Inversely, if BSSWs were
less synchronized, Contra-LCSD and Contra-RCSD are attenuated.
Therefore, we can utilize those ratios as the degree of quasi-
synchrony, that is
SR ¼ Contra-RCSDIpsi-RCSD ; SL ¼
Contra-LCSD
Ipsi-LCSD
(3)According as above explanation, SR and SL range from 0 to 1.
Avoiding the different recording conditions, i.e., subdural and
epidural strips, etc., all amplitude comparison were made within
the same electrode throughout the present study. For example,
Contra-RCSD and Ipsi-RCSD were averaged products of the exactly
same BSSWs recorded by the same right cortical electrode with
two different time alignments, respectively.
By solving the simultaneous Eqs. (1) with (2) and (3), the
uncontaminated hemisphere-speciﬁc CCAP (CCAPLL and CCAPRR)
can be calculated with observed waveforms as shown in Fig. 3:
CCAPLL ¼ CCAPL  SR  CCAPR1 SR  SL ; CCAPRR ¼
CCAPR  SL  CCAPL
1 SR  SL
CCAPLL and CCAPRR reﬂects the amount of neuronal activity of the
callosal system speciﬁc to each hemisphere during BSSWs. In this
manner, we assessed the inter-hemispheric difference of the












According to our working hypothesis that more callosal
neurons participate during BSSWs in the more epileptogenic
Table 2
Comparison between excellent and unsatisfactory outcome groups
Excellent (n = 12) Unsatisfactory (n = 7) Statistical test
Male/female 6/6 4/3 p = 1.0
Onset age of epilepsya 7.0  1.5 (0–15) years 1.4  0.3 (0.3–2) years p = 0.01
Age at the time of surgerya 18.8  4.2 (2.7–51) years 13.4  4.4 (2–35) years p = 0.47
Duration of epilepsya 11.8  3.2 (0.2–38) years 12.0  4.2 (1–33) years p = 1.0
SGE/SME/FLE 11/1/0 6/0/1 NP
Anterior/total callosotomy 12/0 5/2 NP
Unilateral/bilateral/freeb 7/2/3 1/6/0 p = 0.02c
LI of hemisphere-speciﬁc CCAPa 0.53  0.08 (0.23–0.98) 0.17  0.04 (0.008–0.3) p = 0.008
SGE, symptomatic generalized epilepsy; SME, severe myoclonic epilepsy in infancy; FLE, frontal lobe epilepsy; NP, not performed; LI, laterality index; CCAP, callosal
compound action potential.
a Mean  S.E. (range).
b Postoperative epileptiform discharges (interictal EEG).
c Comparison between unilateral and bilateral discharge groups.
Table 3
Comparison between unilateral and bilateral discharge groups
Unilateral (n = 8) Bilateral (n = 8) Statistical test
Male/female 5/3 4/4 p = 1.0
Onset age of epilepsya 7.4  2.2 (0.9–15) years 3.0  1.0 (0.3–8.8) years p = 0.17
Age at the time of surgerya 18.8  4.2 (5–51) years 13.4  4.4 (2–35) years p = 0.47
Duration of epilepsya 20.9  5.5 (4–38) years 15.6  4.5 (0.2–33) years p = 0.56
SGE/SME/FLE 7/1/0 7/0/1 NP
Anterior/total callosotomy 8/0 6/2 NP
Excellent/unsatisfactory outcome group 7/1 2/6 p = 0.02
LI of hemisphere-speciﬁc CCAPa 0.51  0.1 (0.23–0.98) 0.2  0.04 (0.008–0.34) p = 0.03
SGE, symptomatic generalized epilepsy; SME, severe myoclonic epilepsy in infancy; FLE, frontal lobe epilepsy; NP, not performed; LI, laterality index; CCAP, callosal
compound action potential.
a Mean  S.E. (range).
T. Ono et al. / Seizure 18 (2009) 7–13 11hemisphere, we attempted to correlate LI with seizure outcome
and EEG changes after callosotomy. To compare groups, Fisher’s
exact test was applied for analysis by category, and Mann–
Whitney’s U-test was used for statistics with continuous variables.
Results
As shown in Tables 2 and 3, age at operation, duration of illness
and gender did not differ signiﬁcantly between excellent outcome
group (n = 12) and unsatisfactory outcome group (n = 7), or
between unilateral discharge group (n = 8) and bilateral discharge
group (n = 8). Onset age of epilepsy was signiﬁcantly lower in the
unsatisfactory outcome group than the excellent outcome groupFigure 5. Laterality indices (LIs) of hemisphere-speciﬁc CCAPs are compared in relation to
standard error of themean for each group (mean  S.E.). Individual LIs are plotted in accord
unilateral discharge group (open circle, n = 8), and bilateral discharge group (triangle, n = 8
(n = 12) had signiﬁcantly higher LI than unsatisfactory seizure outcome group (n = 7) (p = 0.0
than bilateral discharge group (p = 0.03).(p = 0.01), but did not differ signiﬁcantly between the unilateral
discharge group and the bilateral discharge group. Preoperative
diagnosis and extent of callosotomy could not be tested for
statistical reasons. The excellent outcome group included seven
patients in the unilateral discharge group and two in the bilateral
discharge group (Table 2 and Fig. 5A). The unilateral discharge
group had a signiﬁcantly better outcome than the bilateral
discharge group in terms of postoperative seizure reduction
(p = 0.02).
All patients in the discharge-free group (n = 3) demonstrated
complete resolution of seizure, and belonged to the excellent
outcome group (Table 2 and Fig. 5A). Statistical analysis concerning
this group was not performed due to the small patient population.the postoperative seizure outcome (A) and EEG outcome (B). Bars show the range of
ance with the postoperative EEG outcome, i.e., discharge-free group (solid circle, n = 3),
). With statistical analysis (Mann–Whitney’s U-test), excellent seizure outcome group
08). As to the postoperative EEG, unilateral discharge group had signiﬁcantly higher LI
T. Ono et al. / Seizure 18 (2009) 7–1312LI of hemisphere-speciﬁc CCAP in all 19 patients ranged from
0.008 to 0.98 (mean  S.E.: 0.4  0.07). With respect to post-
operative seizure reduction, LI of the excellent outcome group and
the unsatisfactory outcome group ranged from 0.22 to 0.97 (mean
 S.E.: 0.53  0.08) and from 0.008 to 0.3 (mean  S.E.: 0.17 
0.04), respectively (Table 2 and Fig. 5A). The excellent outcome group
had signiﬁcantly higher LI than the unsatisfactory outcome group
(p = 0.008). With respect to postoperative EEG changes, the LI of the
unilateral discharge group and the bilateral discharge group ranged
from 0.23 to 0.98 (mean  S.E.: 0.51  0.1) and from 0.008 to 0.34
(mean  S.E.: 0.2  0.04), respectively (Table 3 and Fig. 5B). The LI of
the unilateral discharge group was signiﬁcantly higher than that of
the bilateral discharge group (p = 0.03). Within the unilateral
discharge group, postoperative seizure discharges were lateralized
to the higher-amplitude side of the hemisphere-speciﬁc CCAP, with
the exception of one patient whose LI was the lowest in the unilateral
discharge group.
In the discharge-free group (n = 3), LI ranged from 0.24 to 0.89
(mean  S.E.: 0.65  0.2) and tended to be higher than in the
unilateral discharge group, although statistical analysis could not be
performed because of the small population in this group.
Discussion
The most discriminating feature of this study may be the direct
recording of the callosal neuronal activity accompanying cortical
epileptiform discharges. Through the averaging-based algebraic
approach described above, the hemisphere-speciﬁc participation
during BSSWs was estimated, and successfully correlated with
post-callosotomy outcomes.
Since the CC simply consists of axonal ﬁbers originating from
callosal neurons within the both hemispheres, the amplitude of
hemisphere-speciﬁc CCAP selectively reﬂects the number of
recruited callosal neurons in each hemisphere during BSSWs,
and enables us to determine in which hemisphere callosal neurons
predominantly ﬁred. Differences in amplitude between hemi-
sphere-speciﬁc CCAPs estimated as CCAPLL and CCAPRR were
evaluatedwith a LI, and correlatedwith postoperative EEG changes
in this study. Our results showed that the LI of the hemisphere-
speciﬁc CCAP in the unilateral discharge group was signiﬁcantly
higher than that in the bilateral discharge group. Additionally,
within the unilateral discharge group, postoperative epileptiform
discharges lateralized to the side of higher CCAP amplitude, with
the exception of one patient with the smallest preoperative
asymmetry. Lateralized seizure discharges after callosotomy are
likely to mean that cortical epileptogenicity exists primarily in the
unilateral hemisphere that is predominant on the basis of residual
epileptiform discharges.12 According to our methodological
rationale, higher LI implies a larger hemispheric difference of
callosal neuronal participation in BSSWs, i.e., more callosal
neurons are involved during interhemispheric recruitment in
the more epileptogenic hemisphere. Thereby, greater transcallosal
volleys from the predominant hemisphere facilitate an asymme-
trical epileptogenic susceptibility in the opposite hemisphere,
resulting in development of bisynchronous and bisymmetrical
epileptiform discharges.4,12,16 Excellent seizure reduction after
callosotomy was also signiﬁcantly correlated with higher LI. This
might be largely because most patients in the unilateral discharge
group belonged to the excellent outcome group. After callosotomy,
patients with lateralized seizure discharges generally exhibited
superior postoperative outcomes, as suggested previously.10,11 In
contrast, a lower LI was seen in the bilateral discharge group,
suggesting onlyminor hemispheric differences in callosal neuronal
participation during bilateral synchrony in such patients. These
EEG changes may indicate that epileptogenicity in both hemi-spheres is almost symmetric and so potent that hemispheres
generate epileptiform discharges by themselves, irrespective of
interhemispheric recruitment.7 The lower LI of the unsatisfactory
outcome group was related to the overlap of patient population
with the bilateral discharge group, i.e., 6 of 10 patients in this group
belonged to the bilateral discharge group.10,11 As stated above,
hemispheric asymmetry of callosal neuronal participation in
BSSWs was well correlated with a presumed hemispheric
epileptogenicity based on the postoperatively persisting epilepti-
form discharges and the clinical outcome of callosotomy.
In the discharge-free group, all three patients obtained best
postoperative seizure outcome and had a tendency toward high LI
of hemisphere-speciﬁc CCAP. This may also suggest hemispheric
asymmetry of callosal neuronal participation in bilateral syn-
chrony. The reason why callosotomy completely suppresses
seizures and epileptiform discharges is hypothesized as blockade
of enhancement of cortical susceptibility by transcallosal volleys.17
Therefore, irrespective of hemispheric asymmetry of callosal
neuronal participation, maintenance of bihemispheric epilepto-
genicity must largely depend upon the callosal system in these
patients.
Although CCAP and ECoG recordings may provide information
to predict outcomes before callosal section, they are limited
method only performed intraoperatively. It seems to be widely
accepted that an excellent surgical outcome is related to post-
operative lateralization of epileptiform discharges. How can we
determine which hemisphere is predominantly epileptogenic
before surgery? Preoperative routine scalp EEGs often fail to
detect asymmetry, perhaps due to low resolution. We may more
exactly diagnose the laterality of hemispheric epileptogenisity
using bilaterally implanted subdural electrodes, but they are
relatively invasive and not usually applicable for patients who
undergo callosotomy. Using minimal modiﬁcation of the regular
callosotomy surgery, i.e., subdural (craniotomy side), epidural
(opposite side) and callosal electrode placement, we can record the
cortical BSSW and CCAP simultaneously. We cannot directly
compare amplitude of bilateral spikes due to epi/sub-dural
electrode difference but can apply them as the chorological
reference of CCAP waveforms recorded at the single site of the
corpus callosum. According to our results, excellent postoperative
outcomes and lateralization of epileptiform discharges may be
more likely in cases in which hemisphere-speciﬁc CCAPs have a
higher LI. Asymmetry of hemisphere-speciﬁc CCAPmay imply that
not only callosal neurons but also other cortical neurons are
activated with some different degree between hemispheres.
Despite of invasive procedure, CCAP analysis would provide
important information about hemispheric laterality of the
epileptogenic state. This may also direct subsequent treatment
policy, particularly resective surgery of epileptogenic foci recog-
nized after callosotomy.
Callosotomy seems to be regarded as a palliative method for
patients without resectable foci, i.e., a second-line surgical
option.18 However, it is generally accepted that callosotomy
reduces or sometimes completely prevent seizures, has great
impacts on behavior and development, and satisﬁes patients and
their families.19,20 The roles of the corpus callosum in the epileptic
brainmust be further elucidated. In this study, we found that more
callosal neurons are recruited during bilateral synchrony in the
more epileptogenic hemisphere, even if preoperative EEG features,
particularly BSSWs, are almost symmetric. The more callosal
neurons involved in one hemisphere, the more transcallosal
volleys should be produced, thereby resulting in facilitation and
maintenance of epileptogenicity of the opposite hemisphere up to
the equivalent level.17 The present study supports that the callosal
system, despite its relatively small neuronal population within the
T. Ono et al. / Seizure 18 (2009) 7–13 13cerebral cortex,21,22 is not simply a route of epileptiform discharge
but also plays a dynamic role in interhemispheric epileptogenic
processes in generalized epilepsy.13
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